INTRODUCTION
============

The European Bioinformatics Institute (EMBL-EBI) provides access to a broad palette of bioinformatics applications and data resources via traditional web-based interfaces, and since 2004 we have also provided programmatic access to these resources using the SOAP (Simple Object Access Protocol---<http://www.w3.org/TR/soap/>) and REST (Representational State Transfer) ([@B1]) Web Services technologies. The use of Web Services for data resources such as Ensembl ([@B2]) and UniProt ([@B3]), and analytical tools such as BLAST ([@B4]) and FASTA ([@B5]), allows users to combine applications and data to create analytical workflows which can solve complex problems, as well as allowing systematic analysis of large datasets.

A major advantage of Web Services for the life scientist is that of not having to invest resources in the installation, maintenance and execution of bioinformatics software and the data required by an analysis. Instead these tasks are delegated to the service provider. A disadvantage is the inherent dependency on an Internet connection and in some cases, remoteness, which may slow down the network transactions. Nevertheless, these Web Services are designed to cater efficiently for the user in remote and slow networks and are freely available for use by commercial and academic organisations; see the EMBL-EBI terms of use (<http://www.ebi.ac.uk/Information/termsofuse.html>).

EMBL-EBI provides SOAP and REST interfaces to a wide range of services for data retrieval and analysis. An overview of these services can be found at <http://www.ebi.ac.uk/Tools/webservices/> ([Table 1](#T1){ref-type="table"}). In the following we describe the current Web Services available from the EMBL-EBI and how these compare with earlier publications ([@B6],[@B7]). Table 1.Web Services available from the European Bioinformatics InstituteApplicationWeb servicesData retrievalWSDbfetch, ChEBI WS, Integr8 WS, MSD API, MartService, EB-eye, ArrayExpress, IntAct, SRS, QuickGO, UniProt JAPI.Analysis toolsInterProScan, EMBOSS, CENSOR, Phobius, Soaplab,Similarity searchesFASTA, WU-BLAST, NCBI BLAST, PSI-BLAST, PHI-BLAST, PSI-Search, MPSRCH, SCANPS.Multiple sequence alignmentsClustalW 2, Kalign, MAFFT, MUSCLE, T-Coffee.Structural analysisDaliLite, MaxSprout, MSDFold (SSM).Literature and ontologiesCiteXplore, Whatizit, OLS, WSSBO, MIRIAM, PICR, BioModels.

SERVICE UPDATES
===============

New data-retrieval services
---------------------------

WSDbfetch is a fundamental service to retrieve database entries given a database name and a set of entry identifiers. Entries can be obtained in a range of data formats and styles suitable for use with common bioinformatics tools. Important developments of this service are: batch retrieval (fetchBatch) and the ability to obtain format and style names for a given database (getDBformats and getFormatStyles). In addition to existing database resources such as EMBL-Bank ([@B8]), UniProt, InterPro ([@B9]) and PDB ([@B10]), new data sources include: Ensembl and InterProMatches for UniProtKB and UniParc.

Many analysis workflows need a method to map identifiers between the sequence databases. This is particularly important to collate annotation from multiple data sources, where the identifiers used for a particular sequence may differ (e.g. NCBI gi\'s and INSDC (<http://www.insdc.org>) identifiers). A service which addresses this requirement, for protein sequences, is the Protein Identifier Cross-Reference service (PICR) ([@B11]).

The 'EB-eye' offers a simple and efficient way to search more than 360 million entries, from more than 62 databases, including the EMBL-EBI web portal. The web interface caters for all types of users, from novices to experienced researchers, regardless of if they are already familiar with the EMBL-EBI databases. A simple search box is available at the top of every EMBL-EBI web page. The results of a search are first presented as a summary page where the databases are organised into several categories representing knowledge domains currently maintained at EMBL-EBI. The number of entries matching the search terms is displayed for each domain and its member databases. This gives an overview of the results covered by all the data resources. The user then has the choice of selecting a category (or a database) for which to view the corresponding search results. This leads to a new page where results are displayed as a list of entries with short descriptions and links to more information, such as the database\'s main web site, alternative views of the data and cross-references within EB-eye. Details of how to use the EB-eye can be found in the dedicated help pages at: <http://www.ebi.ac.uk/inc/help/search_help.html>.

The EB-eye provides a SOAP Web Service (<http://www.ebi.ac.uk/Tools/webservices/services/eb-eye/>) covering the functionality available in the web interface. A Web Services client can query a database indexed in the EB-eye, retrieve the results and navigate the cross-references network with just a few service calls. Features of the EB-eye, like the text-based search or the cross-reference network navigation, have proven to be useful for the development of database annotation tools, and also in the maintenance of cross-references between databanks.

New analysis tools
------------------

Complementing the existing transmembrane and signal prediction methods in the InterProScan ([@B12]) service, is the new Phobius ([@B13]) service. Phobius provides an integrated method for predicting both transmembrane domains and signal peptide cleavage sites. In addition to providing the location of the predicted features, an optional graphical output is available that shows prediction scoring across the whole protein.

The new CENSOR ([@B14]) service identifies both simple and complex sequence repeats (low-complexity regions and complex repeats, such as transposable elements and retroviral inserts) in nucleotide or protein sequences. As well as providing the identification and coordinates for each repeat, the sequence is returned with the repeats masked for use as input with sequence library searching programs such as BLAST or FASTA.

The Soaplab ([@B15]) service at EMBL-EBI, which provides access to the EMBOSS suite of analysis tools ([@B16]), has been upgraded to use Soaplab2 (<http://soaplab.sourceforge.net/soaplab2/>). The EMBL-EBI Soaplab service has also been updated to use EMBOSS version 6.0.1 and additional databases have been added to the EMBOSS installation, including, Ensembl, ASTD ([@B17]), IntAct ([@B18]) sequences, RefSeq ([@B19]), PDB and LGICdb ([@B20]).

New similarity searches and databanks
-------------------------------------

In addition to regular maintenance and bug fixes to existing services, such as NCBI BLAST and FASTA, IntAct sequences, Korean Intellectual Property Office (KIPO) protein sequences and EMBL-Bank sliced by methodological classes and taxonomic divisions, are now available. The latter makes it easier to perform focused searches, such as those involved in the characterisation of sequences, including those from novel metagenomics datasets and identification of sequences of the same origin across multiple metagenomic studies.

A significant application update is the introduction of SSEARCH, an accelerated version of Smith and Waterman algorithm ([@B21]) from the FASTA package, which provides a more sensitive alternative to BLAST or FASTA and proves to have better performance and scalability than the, equivalent, MPSrch service. In this context, the reader should note that plans are in place to phase out the MPSrch service during the course of 2009--2010,

PSI-Search integrates the Position Specific Iterative strategy for searching distantly related sequences in biologically heterogeneous libraries. This service has been implemented using PSI-BLAST ([@B22]) and SSEARCH. In PSI-Search these provide complementary methods for elucidating distant relationships between sequences of distinct origin, but return results that differ in the scoring scheme used in the alignments. PSI-Search will potentially find extended families of sequences in fewer iterations than the traditional PSI-BLAST approach.

New multiple sequence alignments (MSA) services
-----------------------------------------------

The MSA services provide a range of methods that cater for diverse requirements relating to nucleotide and protein sequence alignments. CLUSTAL W ([@B23]) is the main work-horse for many users and has been updated to CLUSTAL W version 2 ([@B24]). This version of CLUSTAL provides iterative refinement of the alignment and the ability to cluster sequences using UPGMA, which improves performance with large numbers of sequences. T-COFFEE ([@B25]), MUSCLE ([@B26]), MAFFT ([@B27]) and Kalign ([@B28]) have all been updated with fixes that provide better memory management and support for additional output formats. MAFFT and Kalign are particularly well suited for large genomic-type alignments where other methods such as CLUSTAL, MUSCLE and T-COFFEE can exhibit memory and performance issues.

New structural analysis services
--------------------------------

During 2008, the DALI ([@B29]) service was phased out, and has been replaced by PDBeFold ([@B30]) (formerly MSDFold), a service for comparing protein structures in 3D. PDBeFold outperforms other similar services by several orders of magnitude in terms of speed and accuracy of results (<http://www.ebi.ac.uk/msd-srv/ssm/comparisons/cmp_conclusion.html>).

New services in literature and ontologies
-----------------------------------------

Most biological knowledge remains in the scientific literature; integration of electronic literature resources with biological databases and bioinformatics tools is therefore an important part of the EMBL-EBI\'s role. The addition of the National Agricultural Library Catalogue (AGRICOLA) (<http://agricola.nal.usda.gov>) database to the CiteXplore (<http://www.ebi.ac.uk/citexplore>) service supplements the PubMed/MEDLINE ([@B31]) data to fill a gap in the coverage of environmental and agricultural science literature. A new feature of the CiteXplore service is the ability to display, for each result, a network of references which cite the article as well as those cited by the article. This is very useful for identifying related literature as well as evaluating the influence of an article.

Ontologies are critical to the efficient exchange of information about biological entities. Many have been devised to describe various biological properties, such as structure, function and taxonomic classification. The Ontology Lookup Service (OLS) ([@B32]) presently contains 61 different ontologies, including those related to environmental, chemical, functional and physiological knowledge domains. A complete list can be found at: <http://www.ebi.ac.uk/ontology-lookup/ontologyList.do>.

Systems biology integrates information from many specialised resources to describe processes in living organisms. The integration of disparate data sources requires standardisation of terms so equivalent semantics can be ascribed. As such, systems biology is a major consumer of ontologies and other structured information. It is also a heavy user as well as provider of Web Services. Examples of EMBL-EBI services in this area include: BioModels ([@B33]), the Systems Biology Ontology (<http://www.ebi.ac.uk/sbo>) and Minimum Information Requested In the Annotation of biochemical Models (MIRIAM) ([@B34]), which can be accessed over the web as well as over Web Services APIs.

COMBINING WEB SERVICES
======================

As mentioned earlier, all the services that EMBL-EBI provides are available over traditional browser-based web interfaces, which impose limitations for the analysis of large datasets. However, almost all services provide a programmatic interface that uses Web Services technologies, enabling these services to be used as components in workflows or analytical pipe-lines.

An example that caters well for the analysis of novel types of data, such as in metagenomics, involves running a similarity search against a nucleotide or protein database, identifying close homologues from the results, extracting identifiers in order to obtain complete sequences---potentially with annotation, and using these to create a phylogenetic reconstruction. In practice, this involves running a BLAST search against UniProtKB using the WSWUBlast service and obtaining the ordered list of homologous identifiers from it. These identifiers can then be used to retrieve complete sequences using the WSDbfetch service. These sequences can be used as input to an MSA service, for example: WSClustalW2 or WSMuscle. The resulting alignment can be used as input to protpars or protdist from the PHYLIP ([@B35]) package, using the Soaplab services, to complete the phylogenetic reconstruction.

Many other providers of bioinformatic tools and databases have also adopted Web Services technologies. These include: the National Centre of Biotechnology Information (NCBI), DNA DataBank of Japan (DDBJ), Kyoto Encyclopedia of Gene and Genomes (KEGG) and EMBRACE (<http://www.embracegrid.org>). Given the widespread nature and diversity of these services, users can mix-and-match services as they require. Workbench environments such as Taverna ([@B36]) make the rapid development of complex workflows combining diverse services simpler, and provide a useful way to document and share a workflow design.

DISCOVERING WEB SERVICES
========================

Web Services are difficult to find using web search engines, e.g. Google, Yahoo and Live/MSN. Several efforts exist that address this issue, for example: seekda (<http://www.seekda.com>), BioCatalogue (<http://www.biocatalogue.org>), the EMBRACE Service Registry (<http://www.embraceregistry.org>), BioMoby (<http://www.biomoby.org>) and the DAS Registry (<http://www.dasregistry.org>). These projects provide extensive searching facilities through their respective portals and encourage the community to submit annotations and additional information about their use.

DOCUMENTATION AND HELP
======================

EMBL-EBI strives to provide extensive documentation and support for users of both web based services and Web Services. For each Web Service, pages exist that describe the service, document the API, provide links to service end-points as well as to sample clients in a variety of programming languages commonly used in bioinformatics to help users getting started. In addition to service specific documentation, tutorials on using Web Services in a range of programming languages, including: C\#, Java, Perl, Python, PHP, Ruby and Visual Basic.NET, are provided (<http://www.ebi.ac.uk/Tools/webservices/tutorials/intro>). User support is available and readers are encouraged to contact EMBL-EBI with problems, comments and suggestions using: <http://www.ebi.ac.uk/support/>.

FUTURE PLANS
============

An impediment to using many bioinformatics tools effectively is the lack of detailed information about the parameters, their valid values and the interrelationships between them. To address this issue extensive metadata is to be added to the services. This includes adding operation and data structure documentation to the service description documents, and providing methods for obtaining detailed documentation about the meaning and use of parameter values and their constraints.

In accordance with Web Services best practises, the remaining RPC/encoded services will be migrated to the WS-I (<http://www.ws-i.org/>) recommended Document/literal style. Also, the REST-style services will be updated to provide service description documents in accordance to the Web Application Description Language (WADL---https://wadl.dev.java.net/) specification to allow automated utilisation of these services.

CONCLUSION
==========

The adoption of Web Services technologies at the EMBL-EBI has had significant implications for the investment in human as well as computational resources. During 2008 the number of computational jobs, such as BLAST, FASTA, InterProScan, etc., exceeded 12 million, more than half of which were using the Web Services APIs. This indicates significant adoption of the technologies by the user community. EMBL-EBI continues to strive to provide access to new services that cater for emergent technologies, such as high throughput sequencing, as well as ensuring that existing services remain well maintained and up-to-date.
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